Abstract Purpose: T-cell infiltration is associated with good tumor prognosis in many cancers. To assess the capacity of neoadjuvant chemotherapy to affect T-cell infiltration in breast cancer, we evaluated CD3 and CD8 infiltrates, and the Foxp3 immunosuppressive Tcells. Experimental Design: CD3 + , CD8 + , and Foxp3 + cell infiltrates were detected by immunohistochemistry in a series of 56 breast cancer patients before and after the end of neoadjuvant chemotherapy. Results: Poor prognostic factors (negative hormonal receptors, high tumor grade, and nodal involvement) were associated with a significantly higher number of CD3, CD8, and Foxp3 infiltrates before the beginning of chemotherapy. Chemotherapy resulted in a decrease in Foxp3 infiltrates, whereas the level of CD8 and CD3 infiltrates remained unchanged. Pathologic complete responses (pCR) had a drastic decrease of Foxp3 + cells, whereas these cells remained elevated in nonresponders. A cutoff criterion that combined high CD8 infiltration and no Foxp3 cell infiltration on surgical specimens is associated with pCR with a sensitivity of 75% and a specificity of 93%.The infiltrate of cytotoxic TiA1and granzyme B^positive cells was dramatically enhanced after chemotherapy only in patients with pCR. By multivariate analysis, association of a high CD8 infiltration and no Foxp3 infiltration on final histologic specimens were independently associated with pCR. Conclusion: These findings indicate that pCR to neoadjuvant chemotherapy is associated with an immunologic profile combining the absence of immunosuppressive Foxp3 cells and the presence of a high number of CD8 T cells and cytotoxic cells.These results argue for the induction of an antitumor immune response by chemotherapy.
Many patients with local breast cancer are suitable candidates for neoadjuvant chemotherapy, with the aim of facilitating conservative surgery of the tumor and initiating early systemic treatment of micrometastases. Moreover, this approach provides an opportunity to assess tumor chemosensitivity to the preoperative regimen by measuring the residual disease obtained on surgical specimen. Pathologic complete response (pCR) after neoadjuvant chemotherapy has been described as a strong indicator of survival, justifying its use as a surrogate marker of chemosensitivity (1) . Although chemotherapy mainly acts directly by cytotoxic effect on tumor cells, the chemotherapy-induced tumor cell death also has the ability to harness the host's immune system to fight against its tumor. A recent study showed the involvement of Th1 antitumor responses in anticancer chemotherapy in mice (2) , and also in breast cancer patients treated with anthracycline-based chemotherapy (3, 4) . Interestingly, in these breast cancer patients, a polymorphism in the immune gene Toll-like receptor 4 was an independent factor of poor prognosis in response to chemotherapy (5) . Thus, clinically used anticancer agents seem to also mediate their cytotoxic effects through the immune system (6) .
Spontaneous tumor immunity also influences tumor prognosis. High T-cell infiltration and CD8 infiltrate have been linked to a better prognosis in colon carcinoma and in ovarian cancer (7, 8) . These data strongly suggest that tumor infiltration by CD8 cytotoxic effectors could control tumor growth and account for a better prognosis. By contrast, human tumors also promote accumulation of CD4 + CD25
+ immunosuppressive regulatory T cells (Treg) in the tumor bed or in the blood. These cells are known as the key contributor to maintenance of immune tolerance, preventing emergence of organ-specific autoimmune diseases (9) . These cells constitute f2% to 3% of CD4 + human blood T cells and could be characterized by the specific expression of the transcription factor Foxp3 (10) . Patients with various types of cancer have higher numbers of Tregs in peripheral blood than healthy donors (11) , and high levels of Treg tumor infiltration have been reported in hepatocellular (12) , lung (13) , ovarian (14) , gastric, esophageal (15) , and recently in breast cancer (16) . Emerging evidence suggests that Treg cells have an important immunopathologic role in human tumor growth by suppressing endogenous tumorassociated antigen-specific T-cell immunity (14) . Furthermore, three recent studies show that Treg infiltrates influence tumor prognosis in ovarian, gastrointestinal stromal tumor, and breast cancer (14, 17, 16) .
Although histologic changes after neoadjuvant chemotherapy of breast cancer have been previously reported, in situ effects of chemotherapy on tumor/host immune system interactions remains unclear. A direct action of chemotherapy on Treg blood number has been suggested in HER2+ breast tumor treated by trastuzumab-based chemotherapy (18) . Nevertheless, to our knowledge, the effect of breast cancer chemotherapy on tumor-infiltrated cytotoxic CD8 and suppressor Foxp3 T cells remains unknown.
The aim of the present study was therefore to examine the evolution of tumor-infiltrating CD8 + T cell and Foxp3 + cells through neoadjuvant chemotherapy in breast cancer patients. Importantly, this study reveals a strong relationship between T-cell infiltrate and complete histologic response.
Materials and Methods
Patients, treatment, and histology. Our series included 56 consecutive patients treated in our institution (Centre Regional de Lutte Contre le Cancer Dijon, Dijon, France) between January 2004 and May 2005 for operable breast carcinoma with preoperative chemotherapy followed by surgery and radiotherapy. After obtaining informed consent and approval by the Regional Ethical Committee for Medical Research (Comité Consultatif pour la Protection des Patients dans la Recherche Biomédicale de Cô te d'Or), the diagnosis was established by a core needle biopsy. Histologic type was defined according to the WHO classification. Histoprognostic grade was defined according to the modified Bloom and Richardson method. The steroid hormone receptor estrogen receptor and progesterone receptor status was determined using enzymo-immunoassays (Abbott Diagnostics). The Herceptest scoring method was used for determination of c-erbB-2 status, considering only 3-grade score as determining HER-2 -positive tumors.
Chemotherapy was done using an anthracycline-based regimen: FEC 100 (epirubicin 100 mg/m Surgery was done 2 to 3 wk after the last cycle of chemotherapy. Histologic response was determined on surgical specimens according to the Chevallier (19) and Sataloff classification (20) . Breast tissue without residual malignant epithelial cell and associated with no microscopic evidence of invasive cancer in axillary specimens (Sataloff TA/NA or TA/NB, or Chevallier 1) was considered as pCR.
Immunohistochemical labeling. Immunohistochemistry used monoclonal antibodies against the pan T-cell marker CD3 (Ventana), the cytolytic T-cell marker CD8 (Dako), and Foxp3 (Abcam). Labeling was Positive and negative staining controls were carried out with paraffin tonsil sections using Foxp3 monoclonal antibody and an isotypematched negative control antibody.
Potential cytolytic cells were stained with Granzyme B (Dako) and TiA1 (Immunotech).
Quantification of T cells. To evaluate the extent of lymphocytic infiltration, a grading system for semiquantitative scoring of lymphocytic infiltration based on the system established by Black et al. (21) was used. In our system, grade 0 corresponds to absence of lymphocytes and grades 1 to 3 correspond to increasing degrees of lymphocytic infiltration from a few scattered cells (grade 1) to marked infiltrate that mimics a lymphoid organ (grade 3). A modified scoring system was used for Foxp3 + cells. We assessed at least 10 fields at highpower magnification (Â200): grade 0 corresponds to absence of Foxp3 cells; grade 1 corresponds to the presence of 1 to 3 Foxp3 cells in less than three fields; grade 2 corresponds to the presence of 1 to 3 Foxp3 cells in more than three fields; and grade 3 corresponds to the presence of more than 3 Foxp3 cells in more than three fields. For all these labels, the levels of lymphocytic infiltration were evaluated by two independent pathologists. For each location, all cases in which scores differed by more than one grade on the semiquantitative scoring were reexamined and a consensus score was reached.
Statistical analyses. A multivariate logistic regression model was also done to analyze the independent factors associated with these markers. Forward stepwise model selection was used to build the logistic regression model. Statistical analysis was done using XLSTAT software (Addinsoft) and Medcalc (Medcalc Software). , and Foxp3 + tumor cell infiltration into breast tumor before and after neoadjuvant chemotherapy according to the chemotherapeutic regimen (trastuzumab or no trastuzumab). Statistical analysis was done with the Mann-Whitney U test. NS, nonsignificant. *, P V 0.05.
Results
Patient characteristics. Patient and tumor characteristics are reported in Table 1 . Most patients presented with T 2 or T 3 tumors and had clinically detectable axillary lymph node involvement at diagnosis. One third of patients presented with a high tumor grade or an overexpression of Her2/Neu protein.
Preoperative chemotherapy was given every 3 weeks for a total of six cycles, and consisted of an anthracycline-based regimen in 25 cases (46%), taxane regimens used sequentially with anthracyclines-based chemotherapy in 11 cases (20%), and trastuzumab with taxane in 20 patients (34%).
Classic histologic analysis of surgical specimens revealed a pCR in 12 cases (21.4%). This pCR was achieved in 40% (8 of 20) of tumors overexpressing HER2, but in only 4 of the 36 patients (11%) with HER2-negative tumor (P = 0.01).
Analysis of T-cell infiltrates during treatment. In normal breast tissue, there were few CD3 and CD8 cells. Foxp3 cells were almost absent from normal tissue. By contrast CD3, CD8, and Foxp3 cells were found in higher density in breast invasive carcinoma (Fig. 1A) .
After neoadjuvant chemotherapy, CD3 and CD8 infiltrates remained stable, whereas Foxp3 + cell numbers significantly decreased on surgical specimens (P = 0.01; Fig. 1B) .
These results argue for a differential reaction of intratumoral conventional T cells compared with intratumoral Foxp3 cells in response to chemotherapy. Interestingly, this observation was independent of chemotherapeutic regimen, namely trastuzumab therapy or anthracycline-based therapy (Fig. 1C) .
We assessed the association between T-cell infiltrates and classic prognostic factors. At the initial histologic examination, higher tumor grade, positive nodal status, and negative hormonal receptor expression were significantly associated with higher CD8 and Foxp3 infiltrates (Table 2A) . At the final histologic analysis, only high CD8 and CD3 infiltration remained associated with poor prognostic factors (Table 2B) .
Altogether, these data suggest that high initial T-cell infiltrate, whatever the type (CD3, CD8, or Foxp3), was correlated with classic poor prognosis factor. Chemotherapy, whatever the regimen, has a specific effect on Foxp3 infiltrate and decrease the number of Foxp3 tumor-infiltrated cells. + tumor cell infiltration into breast tumor and evolution of CD8/Foxp3 ratio before and after neoadjuvant chemotherapy, according to the pathologic response (pCR n = 12 or NR n = 44). Whereas CD3 and CD8 infiltration levels remain stable in both pCR and NR patients, Foxp3 infiltration is decreased in pCR patients only. B, CD8 + and Foxp3 + tumor cell infiltration after neoadjuvant chemotherapy according to the pathologic response (pCR or NR), and according to the chemotherapeutic regimen (trastuzumab or no trastuzumab). Statistical analysis was done with the Mann-Whitney U test. *, P V 0.05. Comparative analysis of pathologic complete responders and nonresponders. Chemotherapy decreases Foxp3 immunosuppressive infiltrate but maintains CD8 effectors, arguing for a positive role of chemotherapy on local antitumor immunity. We hypothesized that if these immunologic modifications were involved in increased antitumor effects and better tumor prognosis, they would be associated with complete pathologic response on final surgical specimens.
By univariate analysis, classic prognostic factors (high tumor grade and preoperative chemotherapy with trastuzumab) were found predictive of pCR (not shown).
Higher CD8 infiltrate before and after chemotherapy was associated with pCR (P = 0.037 and P = 0.026, respectively). Foxp3 initial infiltrate was not predictive of pCR, but at the final histologic analysis, pCR patients had a significantly lower number of Foxp3 cells (and often none) than nonresponders (NR; P = 0.003). Interestingly, trastuzumab therapy did not modify this observation, suggesting that final Foxp3 and CD8 infiltrate were associated with pCR regardless of the type of chemotherapy (Fig. 2B) . Evolution of immune infiltrate dramatically differed between pCR and NR patients: pCR patients were characterized by disappearance of Foxp3 infiltrate and an increase of CD8/Foxp3 ratio, whereas NR patients had a stable level of Foxp3 cells and of the CD8/Foxp3 ratio ( Fig. 2A) . Indeed, in 11 of 12 patients with pCR, no Foxp3 cells were found in the final histologic sample, whereas only 19 of 44 poor responders were free of Foxp3 + cell infiltrate at the same time point (P = 0.01). Finally, a combined immunologic criterion that associated grade 2 or more CD8 infiltrate and the absence of Foxp3 infiltrate on surgical specimens was found to be strongly associated with pCR and predicted pCR with a sensitivity of 75% and a specificity of 93%. None of the 13 patients considered as very poor responders (defined by a TD/ND or TD/NC or TC/ND Sataloff's score or Chevallier 4 on surgical specimen) featured this immunologic profile. Multivariate analysis confirmed that only histologic high grade, trastuzumab therapy, and the combined immunologic criterion were independent predictors of pCR (Table 3) .
Chemotherapy induces cytotoxic response in pCR patients. Synthesis of cytolytic granules, which contain some toxic protein such as granzyme B, is critical for CD8 + T-cell cytotoxic functions. TiA1 is also a 17 kDa cytoplasmic granule -associated protein expressed in cells possessing potential cytolytic activity (22) . Therefore, to further characterize the effect of chemotherapy onto cytotoxic function of immune cells, we analyzed the T-cytotoxic response, assessed by expression of cytolytic granule-associated protein by infiltrating CD8 + T in matched pCR and NR patient.
Whereas tumor infiltrates weakly expressed these proteins before chemotherapy, we observed a strong accumulation of granzyme B and TiA1-expressing cells after chemotherapy but only in pCR patient (Fig. 3) . This observation supports the hypothesis that chemotherapy could induce cytotoxic immune response in pCR patients.
Discussion
This study highlights the importance of the immune system in the prognosis of localized breast cancer and the interaction between chemotherapy and the immune system in this setting.
The presence of tumor-infiltrating T lymphocytes is considered as a marker of host immune response to tumor antigens, and has been shown to correlate with outcome in melanoma (23), prostate (24), renal cell (25), esophageal (26), colorectal (27), and ovarian carcinomas (8, 28) . In ovarian cancer, Zhang et al. (8) reported that the presence of CD3 + tumor-infiltrating T lymphocytes correlates with improved outcome, whereas Curiel et al. (14) underline the negative role of Treg cells among tumor-infiltrating T lymphocytes by demonstrating an inverse correlation between Treg cell infiltration in ovarian carcinoma and overall survival. In a recent study done on epithelial ovarian cancer, Sato et al. (28) showed that neither intraepithelial CD3 + nor Treg cell tumor-infiltrating T lymphocytes alone were associated with survival, but that a high intraepithelial CD8 + /Treg ratio, as in our study, was associated with improved outcome. Nevertheless, none of these studies focused on immune response induced by chemotherapy, and our study is the first to show that Foxp3 regulatory T-cell infiltration and Foxp3/CD8 ratio after neoadjuvant chemotherapy is strongly associated with pCR. As previously reported, we observed that breast tumors were highly infiltrated with CD8 and Foxp3 T cells compared with normal breast tissue (16, 29) . Moreover, there was an association between aggressive phenotype and T-cell infiltration. These results are in line with those obtained by Bates (16) in a population of breast cancer patients treated by surgery followed by adjuvant treatment. In this study, only a high Treg infiltrate was associated with shorter survival, making it possible to identify patients at risk of relapse after 5 years. In our study, we showed that Treg infiltrate, and also CD8 infiltration, is associated with classic markers of poor prognosis in breast cancer.
In our patients, although CD3 and CD8 infiltrates remained stable during the treatment, the Foxp3 infiltrate strongly decreased, suggesting a higher sensitivity of Treg cells to the chemotherapeutic regimen than conventional T cells. These data are in line with our previous report demonstrating an elective cytotoxic effect of a cyclophosphamide metronomic regimen on Treg subset (30). Some other authors have shown the ability of paclitaxel and anthracycline to enhance antitumor immune response in mouse breast carcinoma model through Treg depletion (31).
Furthermore, we observed in our study a dichotomy between complete responders and other patients. Although the Foxp3 infiltrate remained stable in the NR patient, it was almost abolished in the pCR group. As trastuzumab could modify antitumor immune response (32), our results could be biased by the higher incidence of trastuzumab-treated patients in the pCR group. Nonetheless, we did not observe any difference in lymphocyte infiltrate between HER2-overexpressing tumors and other tumors. Moreover, the immunologic profiles of HER2-negative and HER2-overexpressing patients who achieved a pCR were similar, suggesting that immune reaction was not dependent on HER2 expression and trastuzumab treatment, but depends more generally on the administration of chemotherapy. Perez et al. (18) showed that trastuzumab, but not other therapies, induced a decrease in Treg blood number in metastatic breast cancer patients with objective response. The discrepancy with our study may result from the difference in tumor stage and also from the anatomic compartment studied. In fact, Treg biology may change between blood Treg and tumor infiltration Treg.
The use of a combined criterion associating the absence of Foxp3 infiltrate with high CD8 infiltration reinforced our data. This combined criterion discriminates with a good sensitivity and specificity the pCR group from the NR group, suggesting that when chemotherapy is effective and eliminates the tumor, an associated immune response is present, mediated by CD8 T cells relieved from the control of immunosuppressive Foxp3 cells. These results suggest that chemotherapy induces an immune response in pCR patients that may enhance efficacy of the treatment. To confirm this hypothesis, we examined markers of T-cell cytotoxicity before and after the treatment. In this manner, we could determine that cytotoxic capacity of T cells is only enhanced in complete responders, when Treg cells have disappeared.
It is noteworthy that in this model of neoadjuvant chemotherapy in breast carcinoma, we confirm our previous data obtained in an adjuvant setting (5) , which showed that the antitumor effect of chemotherapy is partially mediated by an immunologic effect.
In conclusion, we show here for the first time that an immunologic signature consisting of the absence of Foxp3 cells and the presence of a high number of CD8 T cells on final surgical biopsy of breast tumor treated by neoadjuvant chemotherapy is associated with pCR. Our data suggest that immunologic effects triggered by chemotherapy may participate in the complete remissions induced by the antitumor treatments.
T-cell activation marker expression on tumor-infiltrating lymphocytes as prognostic factor in cutaneous malignant melanoma. 
